Objective-To examine certain methodological issues related to the publication of mortality league tables, with particular reference to severity adjustment and sample size. Design-Retrospective analysis of inpatient hospital records. Setting-22 hospitals in North West Thames health region for the fiscal year 1992-3.
departments, waiting in outpatient clinics, cancelled operations, arrival times of emergency ambulances, day surgery, and waiting times. Mortality rates were excluded for the time being, but after the publication of the first set of tables, there were many calls for them to be included in future. They have, however, been published in Scotland, and in the way that truancy and subsequently classroom time have been added to the initial examination success league tables in education, an extension of the health services tables in England and Wales to include mortality cannot be excluded.
In this paper we examine some of the methodological issues that arise in comparing hospital death rates. We examine in particular whether there is variation in crude in hospital mortality rates among providers in a region of a greater degree than might arise by chance; the effect of adjusting these rates for differences in patient characteristics, to the extent that this is possible using routine data; and other methodological issues that arise in comparisons.
Methods
We examined death rates by disease rather than by specialty or procedure. We did not look at specialty because of the considerable variation in types of cases treated within a particular specialty in different hospitals, and we did not look at procedures because of the possibility of introducing bias due to selection of patients for surgery. In consultation with regional clinical audit staff, eight conditions were selected for study. The criteria adopted by the regional staff were that they should be relatively common and that there had been previously voiced concern about differences in quality of care that might be explained by differences in mortality. The conditions were aortic aneurysm, carcinoma of the colon, cervical cancer, cholecystectomy, fractured neck of femur, head injury, ischaemic heart disease, and peptic ulcer. The study was based on routine Korner data from 22 3-9. Allocation to a high stage may be caused by the presence of a more severe principal diagnosis or the presence of certain secondary diagnoses, or a combination. For example, the presence of the code 574-0 (acute cholecystitis) will allocate an episode to disease category 708 "cholecystitis and/or cholelithiasis" and to stage 2-2 "acute cholecystitis." If, in addition, the code 576 1 "acute suppurative cholangitis" is present, the episode will be allocated to stage 3-2 "acute cholecystitis with acute suppurative cholangitis." The ranking of stages is ordinal, so that stage 2 is more severe than stage 1 but not twice as severe.
The British evaluation concluded that disease staging is clinically acceptable and valid, although the disease staging mortality scale, used in this study, had not then been available. This generates an expected death rate based on an algorithm developed using a multiple regression method with American hospital discharge data, incorporating combinations of primary disease categories and stages, comorbid conditions, method of admission, age and diagnosis related group.
For consistency, and as each condition may be represented by more than one code in the ninth revision of the International Classification ofDiseases (ICD-9), conditions were defined as the group of ICD-9 codes contained in the disease categories of the same title used in the disease staging system.3 The analysis was undertaken in three phases.
Firstly, three parameters available from routine data that are used in the disease staging mortality scale were examined separately to see if they had an effect on the probability of death. These were the severity of disease, age, and whether the patient was admitted electively or as an emergency. The first was assessed in terms of disease stage, as described above.
Secondly, crude death rates were calculated for each disease category in each hospital. Hospitals with particularly high or low rates were then examined in greater detail to determine whether any of the parameters studied in phase 1, or any other specific factors, could explain the observed variation.
Thirdly, the disease staging mortality scale developed for use with American data was examined to determine whether the scale, which combines the effect of the three parameters studied in phase 1, reflected actual mortality rates in the United Kingdom. This was done by ascertaining whether the mean predicted mortality rate for each disease category, based on the whole sample, lay within the 95% confidence intervals for the actual rates.
In all cases confidence intervals of mortality rates were calculated assuming a binomial distribution. For the disease categories in which most rates were far from zero, the (table 1) . In almost all cases there was an increasing death rate with increasing stage. The exception was head injury. This is one of a number of disease categories known to exhibit this phenomenon due to selective transfer of the most seriously ill patients. It is also seen, typically, with major trauma and burns.5 There was also a clear association between method of admission and probability of death at each stage. The combined effects of stage and mode of admission can be seen clearly in the case of peptic ulcer (table 2 ). An association was also seen between age and the probability of death. This was also seen at all levels of severity of disease (table 3) .
Although these results show a difference in the probability of death according to certain patient characteristics, this is only important if there are systematic differences in the The impact of differences in case mix can be seen in an examination of elective and emergency admissions, which were especially variable for ischaemic heart disease, peptic ulcer, carcinoma of the colon, and aortic aneurysm. Table 5 shows the death rates from carcinoma of the colon in two district general hospitals. Expected figures were calculated by applying the overall specific rates for mode of admission to the number of cases in each group. Hospital A had a lower crude death rate than hospital B. However, hospital B had a much higher proportion of emergency admissions. After adjustment for this, hospital B seemed to be achieving better results than would be expected whereas hospital A was performing less well than expected, although it is not possible in this univariate analysis to eliminate confounding. A similar effect can be seen in a comparison of two other neighbouring district general hospitals that had similar crude death rates from peptic ulcer, but hospital A had a much higher proportion of cases in stage 3 (table 6 ). The death rates within each mode of admission and age group were similar.
COMPARISON OF CRUDE DEATH RATES
Crude death rates in each hospital, ranked in terms of increasing numbers of episodes, are shown in figure 1. In some cases the number of hospitals is less than 22 because there were no cases in one or more hospitals.
Carcinoma of cervix, cholecystitis, peptic ulcer The numbers of episodes were very small and consequently the confidence intervals overlap in the cases of carcinoma of the cervix, cholecystitis, and peptic ulcer. As a result, it is impossible to identify any hospital justifying further investigation on the basis of these data. In the case of aortic aneurysm, a comparison of hospitals 1 and 2 in figure 1 suggests that the effect seemed to be independent of severity or mode of admission ( The first is that, when analysed by disease category and using data from one year, the sample sizes are often too small to enable meaningful conclusions to be drawn. Alternatives are problematic. Death rates by specialty would be meaningless because of differences in case mix. Examination of data from more than one year produces the problem of discerning the reasons for things that happened up to three years previously, by the time the data are available for analysis. Clearly, any attempt to analyse data relating to individual doctors would face even greater problems.
The second is that there is a need to adjust for case mix and this should include, at least, disease severity (however measured), age, and method of admission. Comparison of crude rankings can be highly misleading, with some hospitals that seem to perform well using crude rates appearing worse after adjustment for patient characteristics.
One way forward, examined in this study, is to compensate for differences in severity by adjusting on the basis of a composite figure incorporating disease stage, comorbidity, method of admission, and age. This is the approach used in the American disease staging severity scale. This study shows that the scale is valid in the United Kingdom only to the extent that the factors included are associated with differences in the probabilities of death. For six of the eight disease categories examined there was a significant difference between the predicted value and the actual one, when all hospitals in the region were included. This strongly suggests that the equations and weighting factors, generated from American data, are not valid in the United Kingdom. In the case of the disease categories studied, there are good reasons why this might be so. The much higher use of firearms in injuries in the United States is likely to lead to a greater severity of head injuries that would not necessarily be captured by routine data. The low predicted mortality from fractured neck of femur is probably due to the much shorter length of stay in the United States, given that the scale is based on in hospital mortality. In the United States, patients are transferred to nursing homes much sooner than in the United Kingdom. Although there is concern in the United Kingdom about "bed blocking" by these patients, there is a different concern in the United States because it is realised that an increasing proportion of those that would previously have been discharged home are remaining in nursing homes after one year.6
The lower mortality than predicted from carcinoma of the colon may be due to dilution of the case mix seen in the United Kingdom by large numbers of patients admitted for investigation who would be treated in ambulatory care in the United States. The higher death rates from peptic ulcer and ischaemic heart disease may be because of the lower frequency of secondary diagnoses in the United Kingdom, and especially those such as "fluid and electrolyte imbalance" that have the effect of placing patients in a more expensive diagnosis related group in the United States. This means that the British data underestimate the severity that would be recorded for the same patient in the United States, although this will probably change once contracting on the basis of healthcare resource groups is introduced in Britain.
These problems are also likely to exist with any similar scale based on American data. Thus, if such an approach is to be used a scale based on British data will need to be developed. Even if it is, however, considerable caution is required because of the limited extent to which any system for adjusting for severity on the basis of routine diagnostic data can adequately compensate for severity,7
especially given the inability of the International Classification of Diseases to capture important variations in clinical presentation8
and variations in the extent of coding of comorbidity.
The third is that there remain questions about whether the quality of coding is yet of sufficient quality to support adjustment for severity of this nature. Some hospitals with poor coding of secondary diagnoses will probably seem to be treating much less severe illness than is the case. Conversely, in the absence of clear and explicit guidelines on coding secondary diagnoses, it would be relatively easy for hospitals to increase the extent of coding beyond the norm in order to appear to have a more severe case mix than is the case. This would happen if they used the coding conventions currently used in the United States. Green and Wintfield have shown, in a study using California data, that errors in discharge data have a substantial effect on the calculation of expected mortality rates after adjustment for severity.9 Further work with some of the hospitals in this study will examine the extent to which death rates reflect differences in quality of care, although the experience of similar exercises in the United States is not encouraging. There it has not been possible to relate explicitly defined differences in quality of care to differences in death rates.10
The fourth is that the ambiguity about the finished consultant episode leaves considerable scope for opportunism, with both comparisons of death rates and the contracting process creating a strong incentive for episode inflation. A solution would be to examine data based on some other measure, such as provider spells. Unfortunately, this would preclude adjustment for severity because available diagnostic data relate to each episode and there is no obvious way to combine them in such a way that the principal reason for being in hospital throughout the entire spell could be identified. This problem is well recognised within the Department of Health and the NHS but is probably currently intractable, given the political opposition to changing the unit of currency from consultant episodes because of the effect on claims of greater activity after the introduction of the NHS reforms." Notwithstanding these problems, there are differences in death rates between hospitals that cannot be explained by known factors that can be ascertained from routine data. In some cases there are other, identifiable explanations. For example, for aortic aneurysm and carcinoma of the colon, hospitals with the highest volumes seemed to perform comparatively well. This is consistent with evidence for a volume-outcome relation for these conditions.'2 13 This relation can take a variety of forms, depending on the condition being studied.'4 The high death rate after head injury may have been due to selective transfer of the most severe cases from other hospitals, although it is not possible to prove this from the data. In other cases there remains the possibility that there may be real differences in quality of care. For example, in the hospital with a high mortality from fractured neck of femur, subsequent inquiry has revealed very poor cooperation between orthopaedic and geriatric medicine departments.
There are many other possible explanations for these differences that could not be examined with the available data. For example, some hospitals may have policies that lead to the admission of higher numbers of patients with cancer requiring palliative care, perhaps because of the absence of adequate provision of hospices locally. A suggestion to tackle this specific issue is the inclusion of a variable entitled "purpose of admission" to datasets, enabling such patients to be identified and excluded from analysis.'5 Our study has shown the difficulty of comparing crude death rates. Their interpretation requires further detailed analysis and local knowledge; when death rates have been published in the United States, they have been accompanied by very detailed commentary and many caveats. The greatest concern about publication is the extent to which they may lead to changes in behaviour that are not in the patients' interest. 16 
